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5 ENHANCED INOCULANT FOR SOYBEAN CULTIVATION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
Not applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
Not applicable . 

10 BACKGROUND OF THE INVENTION 

It has been well known for many years that leguminous 
plants are able to fix nitrogen from atmospheric nitrogen due 
to a symbiotic relationship between the plant and bacteria 
which dwell in nodules formed in the roots of the plants. The 

15 symbiotic root nodule bacteria are now classified in at least 
several genera, e.g. Rhizobixwi, Bradyrhizobium, Sinorhizobium, 
and Azorhxzobium. "The three genera of nodule bacteria are 
characterized in part By the sped£"4s o'f legume plant with which 



20 



they are able to form the symbiotic nodulation relationship. 



Most of the bacteria which can nodulate soybean are 
Bradyrhizobium, although Sinorhizobium, species can also 
nodulate soybean rp,o;ts . ; 

While sighif &Q$ifit research has been conducted on root 

if:-.:-- .. v ' , . . ' "' ■ . . 

nodulation bacteria^in the hope of creating bacterial strains ; 

25 which ^will foster of improve the growth of legume plants 

cultivated agriculturally, the problem of increasing the 

effectiveness of inoculants of root nodule bacteria turns out 

to be a difficult pne . 1 in particular, . for example, 

Bradyrhizobium japonicxwt strains now are extent in soils 
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5 throughout North and South America in those regions in which 

there has been historic soybean production/ even though the 
species was originally indigenous only to Asia. The existing 
wild strains are the progeny of bacterial strains originally 
inoculated into soybean fields but which have now evolved to 

10 survive in these soils and climates. The existence of these 

bacterial strains in the agricultural soil ecosystem is a mixed 
blessing. These strains of Bradyrhizobium extent in most 
cultivation areas compete with intentionally inoculated 
Bradyrhizobi inn strains for occupation of the nodules of soybean 

15 plants, and while the presently extent or native species may be 
inefficient fixers of nitrogen, they are often superbly adapted 
: for competitive root nodulation, in the particular environment 
or' microenvironment in which they now exist and thrive. 
Accordingly, creating newly improved root nodulation bacterial 

20 strains which are actually effective in the field as inoculants 

in increasing crop yields requires considerations of both 
increasing ^he ef f ectiveness„pf „ the bacteria and also providing 
the improved or engineered bacteria with a mechanism by which 
they may compete effectively with bacterial strains now extent 

25 in most legume cultivation areas. 

One of the characteristics of the nitrogen fixation 
process 7 as performed .by rpot nodulation bacteria is that a 
byproduct of the reaction, is,., evolved hydrogen gas* For root 
nodule bacteria -species ; w.hich evolve hydrogen gas and release 

3 0 it into the atmosphere, a. large, amount of energy invested in 

the nitrogen fixation process is lost as the H 2 gas is released 
into the -atmosphere. However, it has been found that some 
diazotroph, or nitrogen fixing, bacteria do not evolve H 2 under 
nitrogen fixatiori conditions. These bacteria were found to 

35 express an uptake hydrogenase . enzyme which oxidized the 

-2- 
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5 hydrogen to protons and electrons. In the cases of some 

bacteria, the electron transport initiated by the hydrogenase 
results in an efficient energy conserving electron transport 
chain, which results in recovery of- most of the energy that 
would otherwise be lost in hydrogen production. ' 

10 The multi-gene for hydrogen* uptake; designated HUP, was 

found to exist in several sjpebi&b of root modulation bacteria. 
However, many other root" nodule %a"cterial strains and species 
do. not contain this capability," and thus are relatively . 
. r wasteful in their energy utilization compared: to species which 

15, have the capability o£ HUP Expression. For example, there are 
no known HUP positive strains'- of Rhizobium etl;i or , v 
Bradyrhizobium elkanii. fv has also been found that strains of 
Bradyrhizobium japonicum which are -HUP positive appear ., to be 
scarce in agricultural soils. ^ 

20 It has been proposed "that ^th^ /J HUP genes can be introduced 

into root nodule bacteria n&t natively. possessing this 
phenotype to aid in their agricultural utility. U.S. Patent 
4,567,146 discusses one str^^egy : --fbr Ithis^ approach. However, 
the potential introduction wi'd^pread^'agronQmic potential of 

25 uptake hydrogenase phenotype ■ &r ! bScfcer ialf strains ^faces several 
hurdles. Among them is £he : J f act 1 7 that the HUP^p©sitive 
inoculant strains must J t>e c<3m£Stit:ive~ for noduiat ion with the 
endogenous straihs hbw"pr^s§nt nr in soils in crop^ grpwing areas. 
The HUP phenotype' requ^r%s f:: gfe^ral , genes^ 'and, appear$ r tp be a 

30 competitive disadvantage"' <itr te^rms- of metabolic burden ; to the 
bacteria. The second diffrdul^y 1 concerns the fact that there 
is, an inherent instability in the expression of -HUP genes in 
species which do not normally possess these genes. For 
example, Lambert et al . , Aool . E nviron . Microbiol . . 53:422-428 

35 (1987) , were able to engineer hup expression in R. meliloti 
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strains by conjugation of a cosmid clone containing the hup 
region, from a species of B. japonicum which contained the hup 
region. However, the expression was transient in root nodules 
because the lack of proper partitioning of the plasmid during 
cell division in the absence of selection pressure. Addition 
of tetracycline or other selection antibiotics to commercial 
inoculants to prevent improper partitioning is expensive, 
unlikely to be' ef f i cient , ; and coiild result in modification of 
animal or soil plant pathogens due to antibiotic resistance, 
and hence is not' practical.: . 

Of course, even if the HUP phenotype can be engineered 
into a strain of bacteria, -there is still the competitiveness 
problem. -One strategy which ;t>as >been discussed for this 
problem is to engineer the root nodule bacteria with a toxin 
which is inhibitory to other root nodule bacterial. U.S. 
Patent 5,103,7£9 describes root nodule bacteria engineered to 
produce trifolitoxin, ere such toxin* , Conferring a competitive 
advantage by adding trifolitoxin expression to a root nodule 
bacteria may not always be .practical or effective. For 
example, it -has been found difficult to express trifolitoxin 
"production genes dn Bradtyrhizgbium species. Also, ironically, 
it : has been found that Bradvrhizobiiim species are several fold 
more resistant to trifolitoxin than species of Sinorhizobium 

In considering the- problem of engineering root nodulation 
bacteria for hydrogenare ,exprescipn /; - another issue is the 
problem of strain by strain engineering : of such bacteria. Now 
that the bacteria originally introduced as . inoculants have 
evolved into discrete strains adapted to fit ecological 
conditions throughout agricultural regions it may be necessary 
for competitive, reason to engineer different, strains of 

-4- 



9850564A1_I_> 



WO 98/50564 



PCT/US98/06566 



bacteria for new traits for use in different agricultural 
regions of any given country or region. Accordingly, the ease 
with which a trait can be 'transferred, among bacterial strains 
becomes a critical question in the practical use of engineered 
nitrogen fixing root nodule bacteria for use on field crops. 

BRIEF SUMTtf?£R3f OF* THE INVENTION 
The present 'invent ion is- summarized : in . that a strain of 
Sinorhizobium fredii is "genetically altered.for use as a 
soybean inoculant by the inclusion in the bacteria , of a high 
copy number plasmid cbrif e'rring upon the bacteria the phenotype 
of production of t^rif olit f <Sxin as well as. resistance to 
trifolitoxin. The tr if olitbxin production -and resistance gene 
construct is n6t only included iin the bacteria on a high copy 
number plasmid, the plasmid : incorporates . a partitioning system 
within it to ensure that ' progeny of the bacteria maintain the 
trait of trifolitoxin' production and resistance. ^ Strains of S. 
fredii can be used as soybean inoculrants and, are able, to 
nodulate the roots of soybean plaixtsV The trif olitpxin 
production fronT such strains- will be -at :such a level as to 
enable the S. fredii engineered species to successfully compete 
with native B. jdponicum 1 species . for nodulation space ; .in the 
soybean root. :y-z : j ./."•-•< — • ; e.v. : - 

It is another object of the present invention . to, confer 
upon the fengine^eii 'iJ. "freaii[ species, the-ability to enhance 
the enefgy ' iSili^atibn 'of ^tKe soybean plant by including within 
the engineered 5; " fredii bacteria , : or . in a co-inoculated 
bacterial : stlrain, a plasmid which includes , a genetic cassette 
capable ' of expressing the proteins necessary to confer upon the 
bacterial strain the ability to produce hydrogenase and to 
recover the energy from hydrogen reduced with, the hydrogenase 
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which would otherwise.be lost during the nitrogen fixation 
process . 

The present invention is further summarized in that the 
improved S. f radii bacterial strain incorporates each of the 
useful constructs, that for trifolitoxin, and that for 
hydrogenase construction, on partitioning locus which ensure 
that the traits will not be lost from the bacterial strain in 
the field. 

Other objects, advantages, and features of the present 
invention will become apparent from the following 
specification.- , 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
Fig. 1 is a schematic illustration of plasmid manipulation 
in an example of the present invention. 

Fig. 2 is a schematic illustration of additional plasmid 
manipulations with the plasmid of Fig, 1. 

DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention, a strain of 
legume associated root npdule bacteria is constructed which has 
engineered into it. the ability to express significant levels of 
ti*if olxtoxin." The strain r i§, preferably a Sinorhizobium strain 
i J f nodulation by /this ^st'raija „is desired but it may also be, as 
discussed below, a ; non-nodulating .strain . Since trifolitoxin 
production is necessary at f .a signif icaritly increased level in 
order to have a competitive advantage . with Bradyrhizobium 
stains which have greater native resistance to trifolitoxin 
than do Sinorhizobium strains, the genetic construct to express 
trifolitoxin is incorporated into the bacteria in a high copy 
number plasmid engineered to produce several fold more protein 

-6- 
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5 than can be produced by a low copy number plasmid harbored by a 

similar bacteria. To further assist in the inheritance of the 
trait for trifolitoxin production; "the plasmid incorporating 
the genetic elements for trifolitoxin production and. resistance 
are also provided with a partitioning agent' to ensure that 

10 plasmids carrying both genetic elements are .correctly inherited 
by progeny of the engineered bacterial strain . A. S . fredii 
strain engineered in the manner described herein is capable of 
nodulation of soybean roots, • &nd" is competitively advantaged to 
extent Bradyrhizobium strains, :r due to the production of 

15 trifolitoxin at levels which will be toxic to : competitive 

Bradyrhizobium strains. 

To facilitate the transfer of the trifolitoxin phenotype 
into a bacterial strairi this most conveniently begins with a 
plasmid that is stable, exists at high copy numbers in 

20 Rhizobium- related species, and already Include a partitioning 
element. One such plasmid, "designated pUGD1002 , : was described 
by Gallie et al . , Plasmid, 14:171-175 (1985). This plasmid 
includes a par locus from a plasmid -kri6Vn as pTAR, and was 
designed for use in AgrdJbacteriuiii ^nd ^lzobiuin. ; By "high copy 

25 number," as used here, it ; "'iU- 'intended' to.: refer 3 to a plasmid 

that exists in five or moire- co)pie4- per cell, :) and preferably ten 
or more copies per celiy^uh^ 

Genetic const^ubts" 'ai%' : ^alfeo -aVallable>.f or x .trifolitoxin 
production. 6ne : 'cc5n&t^ purpose-. is .described in U.S. 

30 Patent 5, 183 ^is§7 c ~Tbie ^ :: gerie6ic v el^rtient - f or the trifolitoxin 
phenotype must 'include bbtfi* trifolitoxin ^production .and 
resistance to trifblitdxin in order nat tOj harm the host 
organism. Such genetic erletnent may alsb.be- isolated directly 
from some strains' hf tbot nodule bacteria. 

35 A soybean iridbulant in 'accordance with the present 
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invention includes a high copy number plasmid for trifolitoxin 
production for competitiveness , but may also include a plasmid 
to assist in soybean plant ^growth. This second plasmid may be 
hosted in the same strain or in a second strain included in the 
inoculant . To confer upon the inoculant the ability to 
increase the yi£ld of ; soybean .plant , the engineered the second 
plasmid, intended to aid in the nitrogen fixation process, is 
for uptake hydrogena.se* - 

Thus, also in accordance .with the present invention, an 
uptake hydrogenase plasmid is- constructed which may easily be 
transferred among various strains , of SinQrhizobium or 
Bradyrhizobium ba;cteria by conjugation.,- ..This uptake 
hydrogenase plasmid conf ers upon, those bacterial strains 
harboring the plasmid the ability to increase the effective 
yield of leguminous plants? which form the- symbiotic 
relationship with the root npdule \ bacteria . 

The plasmid in accordance, with ,the present invention 
achieves this advantage by combining twp ,genetic elements . The 
first is that the plasmid contains all of the. necessary genes 
in order to express the hydrogen uptake, or HUP, phenotype so 
that the bacteria harboring, the plasmid will recover energy 
from evolved hydrogen vViich would otherwise be wasted during 
the hit rogen ; fixation process, Secondly, the plasmid contains 
a partitioning element wh&cjH/pr events., incorrect partitioning of 
the plasmid in progeny ba;cteria : thereby ensuring that the 
presence of the HUP phenotype/ in daughter bacterial cells is 
maintained as the bacteria propagates throughout its 
environments In this way, stable strains of . Sinorhizobium can 
"readily be created which are both, competitive and which are 
capable of enhancing the effective yield from the leguminous 
plant grown in symbiotic, relationship, with those bacteria. 

-8- 
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5 Plasmids incorporating the HUP phenotype have previously 

been described in the literature. A vector known as pHU52 is 
described in Lambert et al . . * Appl : Environ . Microbiol . , 53:422- 
42 8 (1987) . The plasmid HUP pHU52' .is* a large plasmid. , 
containing all of the genes necessary for hydrogen uptake (hup) 

10 as well as tihe* genetic sequences" necessary : to ^utilize the 

evolved hydrogen iri : energy -storage . in; the plant . The problem 
then simply becomes how to insert the otjier .desired . genetic 
components into this plasmid backbone without^ disrupting the 
ef If icient "functidnihg^ of the^HUP genes.- One, strategy for 

15 accomplishing this bbj Active is to ,us: vthe tetracycline 

resistance locus located^ itf pHUS 2 ..and* .direct, insert ipn of 
foreign DNA" into that loeu&^t<3 ensure, that -none .of the, genes in 
the complex HUP operon aire -di/srupted by the .insertion. t Thus it 
is more convenient fiirst to- combine^ the.; other elements desired 

20 in the plasmid/ specifically the gene cassette encoding 
trif oiitoxin "and the resistance to it as well as the 
partitioning genes, and^ that genetic; cassette may be inserted 
into the desired locus in -the barge :pHU52 plasmid using a 
transposable eienieiit^- =•£ •'• ■ - .; ; - 

25 The part it ioniri^f 1 operon Gf or^the mptake- hyd^ogenase plasmid 

is also intended 1 V6 prevent daughter .microbial cells following 
asexual reproduction of the-^ bacterial strain, carrying^ J:he 
plasmid f rom "f ailing ■ ''tb*- "ihh'&rciffc* the desired^ phenotypes . This 
par locuh L is r 'a ^ac^^^^cm-3^^E:^i call plasmid .designated RK2 

3 0 described" By Roberts -and Hellnski* in Jour . Bact. 174:24:8119- 
8132 (i^92^^hd 'Sia : et ai;.^ Jour;; Bact . 177:10:2789-2797 
(1995) . The RK2 par opercn contains several genes in at least 
two operdns which has the effect of stabilizing plasmids within 
d ~t>acteria hosting the r plasmid. A. plasmid containing the RK2 

35 par'lbcus^is exquisitely stable in maintenance . during 
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5 unselected growth due to the presence of the plasmid. 

Apparently the operon inhibits the growth of plasmidless 
segregants and thus ensures that all surviving daughter cells 
contain the entire plasmid into which the par locus is 
inserted. . 

10 The preferred first embodiment of the present invention is 

a strain of Sincrhizcbiwn fxredii engineered with two separate 
plasmids. The first plaqmid is a high copy number plasmid 
conditioning high trifditoxin production to provide 
competitiveness. The second plasmid is a HVP plasmid 

15 : : conferring an uptake hydroggnase .phenotype to aid in soybean 
plant growth— A strain of , fredii is preferred as the host 
for the two plasmids .-. since it ha$ been found that 
Bradyrhizobium species will not generally express trifolitoxin 
well and' since 3. fredii strains will nodulate soybean roots. 

20 Therefore use of this species permits design of a single strain 
soybean inoculant that combines competitiveness and nodulation 
in a single bacterial strain. 

It of course a requirement of a plasmid for use in a 
Sinorhizobium species that , the plasmid have a competent 

25 application; origin^ and have. genetic elements capable of 

expression in they bacterial host into which the plasmid is 
inserted. Since all the genetic elements described in the 
construction of this plasmid come from root nodulation 
bacteria, with the except ipn of the n par locus, it is not 

30 believed that this is a j-p^oblem. - .The„£K2 par locus has 

previously been shown to^be. effective, in, root nodule bacteria 
species . _ . , 

It is conceivable that soybean plants inoculated with the 
engineered Sm fredii strain may not provide a yield in field 

35 trials comparable to the best Bradyrhizobium j aponicum strains. 

-10- 
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5 If this possibility were to prove tr*ue, an alternative strategy 
within the present invention uses the high copy number 
trifolitoxin plasmid, like" pTFXHCp described below, together 
with a hydrogen uptake' plasmid, but uses the plasmids in 
separate bacterial strains. It has been previously shown that 

10 a non-nodulating trifolitoxin 'prodiicing strain can limit 

nodulation by trif oi'itdxiri ^ sensitive- strains when the strains 
are mixed in an inoculum witfi' : trifolitoxin resistant strain. 
Triplett and Barta/ Plant Physiol . , 85:335-342,(1987). Here, 
the high copy numbed 'trif olitoxin producing plasmid would be 

15 introduced into a nori^odMating'stfain iniSoybeari;, for example 

a non-nodulatirig Sinorhizoblum; or a Strain of Rhizobium etli, 
and that strain would be used in r an ^inoculum,; with a strain of 
trif olitoxin-resistant Bradyrhlzo&ium japonicum which hosts a 
hydrogenase uptake plasmid like pH^PAR^ described below. The 

20 trifolitoxin producing stra:in^ih the ; inoculum would , inhibit 

trifolitoxin sensitive cothpetirig strains while the B. japonicum 
strain then occupies the noddies in the 1 .roots and fosters the 
efficient growth of the soybean; plants-. This strategy thus 
also combines a high copy number trifolitoxin producing plasmid 

25 with the hydrogenase; uptake phenotype,^ it just uses separate 
bacterial strains to accomplish "the same purpose.... r 

'" J X s " r ' r '~ 1 -EXAMPLE- : <-... ;> r : -. r -..^ 

The construfctibn 6f the ^l^smids in accqrjdance.,with the 
present invention began- witrh-Zthe' construction of the high copy 
30 number plasmid intended 1 to tonf er the trifolitoxin phenotype on 
the Sinorhizobium strain. As illustrated in Figure 1, the 
process Began by combining two plasmids; PTFX24 and pUCD1002. 
The plasmid PTFX24 contains a 7.142 kilobase fragment 
containing the "complete sequence a's necessary for trifolitoxin 

-11- 



BNSDOCIO: <WO 9850564A1J_> 



WO 98/50564 PCT/US98/06566 



5 production and resistance in transformed host strains. The 

pUCD1002 plasmid is a high copy number plasmid intended for use 
in Agrobacterium and Rhizobium hosts. Digest of pTFX24 with 
Xho I yielded. a linearized plasmid containing the complete 
genetic constructs for the trifolitoxin phenotype. This 10.1 

10 kb insert was then ligated into a 7,6 kb Hind III fragment from 
the plasmid pUCD1002. Both plasmids were then blunt-ended 
followed by ligation together. The resulting construct was 
designated pTFXHLP. The resulting construct exists at a copy 
number of about 30 per host cell and results in about five fold 

15 more; trifolitoxin production, than, achieved with any construct 
in the past. This construct is capable of conferring 
significant levels of trifolitoxin production in SinorhizoJbium 
or .Rhizobium strains . .. This is the high copy number plasmid for 
trifolitoxin production intended, to be inserted inside the 

20 Slxiorhizobium soybean inoculant strain. 

To begin the construction of the uptake hydrogenase 
plasmid, a 32 kb par locus was isolated from the plasmid RK2 
described by Weinstein et al, in J. Bacteriol. 170:7486-7489 
(1992) . The par - locus from RK2 forces complete plasmid 

25 partitioning during cell .division by five genes encoded in the 
-plasmid by, two divergently transcribed operons. Each of the 
; two operons codes for .an independent mechanism to ensure 
plasmid : stability ; . The f iirst : operqn, designated parCBA 
1 includes a reso.lvase mechanism while the parDE operon includes 

30 a toxin, referred to as parE. and antitoxin (parD) mechanism. 
The par locus confers plasmid stability regardless of the 
replicon containing the 3.2 kilobase region and has been shown 
to confer complete plasmid stability with Sinorhizobium 
meliloti during root nodule development. 

35 It was necessary , to find a practical way to insert the 3.2 

-12- 
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5 kb par locus into pHU52 . It was decided that the most 

practical way to accomplish this is to insert the par locus 
within the inverted repeats of a transposon. Then the par 
locus could be transposed into the tetracycline resistance 
locus present on pHU52. By providing a transposase in trans, 

10 one can insure that the par locus will not" transpose, out of 
pHU52 once it has beeri inserted. ^ In -addition, as the Tn3 
transposon was chosen for thi^' wbirk also contains a kanamycin 
resistance gene, it is possible to select -for pHU52 after 
interruption of the tetracycline resistance gene' using 

15 kanamycin selection. This cdhstf utrtion of ^the ^transposable par 
locus has been completed.' The transposition of the- pax. locus 
into pHU52 has been corhp let edV ; ,J *■ '■ r 

In Figure 2 a plasmid' (designated- pTRl 02 contains the par 
locus. The plasmid pT'Rl(T2" >; ^^ ; - , dig'eis£e c d J with BamHl and KPN1 and 

2 0 a 3 .2 kb fragment containing i: the par r locus r was recovered. The 

3.2 kb fragment was ligatea'into tHe blunted'unique Cla I site 
of the plasmid known as pHokmGU^Y ' as - described by.Breil et al . 
J. Bacteriol. 178 : 4150-4156 " '(1996 J J . The newly er.eat.ed , plasmid 
is called pHoKmPAR, and tiks & modif ied -Tn3 transposon. The 
25 transposon is then \ised "tb M hbp thfeT 1 PAR' ! locus' into^.ithe ; 

tetracycline resistance locua rbht^iiied within: pHU52 using a 
transposase provided iri ' tr&hd from the- plasmid -pS she. The 
resulting confined plasmid Ci ddsi^ 

- .. ■ r ... ; rv , t 

hydrogen recycling" and ' c6tft^lfete s prasmid stability^ to any 

3 0 bacterium harboring this p'laSAiid; This plasmid pHUPAR can be 

conjugated into any strain "o£ "Sinbrhizobium to confer upon that 
plasmid both increased efficacy as a' symbiont as well as 
enhanced competitiveness tot hddule occupancy in. the field. 
The success of "a soybean inoculant incorporating a 
35 Sinorhizobium fredii strain hosting 7 plasmids like pHV52 and 
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pTFXHCP can be demonstrated by field trials which will show 
that soybean plants and stands inoculated with such a strain 
will show increased yield compared to non- inoculated plants or 
stands 

To assist in the practice of the preferred embodiment of 
this invention, copies of , the plasmids pTFXHCP and pHVPAR have 
been deposited with , the, American ; Type Tissue Culture Collection 
in Rockville, Maryland, USA, which has assigned them accession 
numbers 98421 (pTFXHCP) $nd 9B420 (pHUPAR) . 
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CLAIM OR CLAIMS 

I/WE CLAIM: 

1. A strain of root nodule bacteria comprising- 

a recombinant plasmid containing the genetic components 
necessary to confer a phenot^pe of production of trifolitoxin . 
on the bacteria and a partitioning locus such that the plasmid 
is not lost tcTthe bacteria d&rxng~cell division, ; the plasmid 
being present in excess of five copies per cell, the 
trifolitoxin production conferred by the plasmid being 
sufficient to inhibit the growth of competitive root nodule 
bacterial . 

2 . A bacteria as claimed in claim 1 wherein the strain 
is a Sinorhizobium fredii strain. 

3 . A bacteria as claimed in claim 1 wherein the strain 
is a Rhi^obium strain. 

4 . A bacteria as claimed in claim 1 wherein the bacteria 
also hosts a second plasmid conferring on the bacteria a 
phenotype of hydrogenase uptake production. 

5. A bacteria as claimed in claim 4 wherein the second 
plasmid also include a partitioning locus. 

6 . An inoculant for soybean comprising the bacteria of 
claim 1 . 
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5 7 . An engineered strain of Sinorhizobium fredii bacteria 

comprising 

a first plasmid containing the genetic components 
necessary to confer a phenotype of production of trifolitoxin 
and resistance to trifolitoxin on the strain and a partitioning 

10 locus such that the first plasmid is not lost to the strain 

during cell division, the first plasmid being present in excess 
of ten copies per cell/ the -first plasmid making the strain 
competitive with other root nodule strains which are sensitive 
to trifolitoxin; and - . . . 

15 a second plasmid containing the genetic elements necessary 

to confer a phenotype of uptake hydrogenase production on the 
stain and a second distinct partitioning locus such that the 
second plasmid is not lost during cell division , whereby the 
strain is capable when nodulating the root of soybean plants of 

20 recovering hydrogen evolved during the nitrogen fixation 
process and using the hydrogen as a source of energy. 

8. An engineered strain of Sinorhizobium fredii bacteria 
as claimed in claim 7 wherein the first plasmid includes the 
trifolitoxin locus from pTF24 . 

25 9. An engineered strain of Sinorhizobium fredii 

bacterial as claimed in claim 7 wherein the partitioning locus 
in the first plasmid is from pTAR. 

10, An engineered strain of Sinorhizobium fredii bacteria 
as claimed in claim 7 wherein the first plasmid is pTFXHCP. 

30 11. An engineered strain of Sinorhizobium fredii bacteria 

as claimed in claim 7 wherein the second plasmid includes the 
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hup+ locus from pHU52 



12 An engineered strain b'f rsinbrMscfcium :frsd±i bacteria 
„ clawed inWin, 7 herein the second placid include, the 
par locus from an RK2 plasmid. 

13 ^''enginee^ st*ai*> or Sinorhizofcium fredii bacteria 
10 as claimed in claim T wherein ^he second, plasmid is pHUPAR. 

14 . An inoculant for soybean comprising, a . career and the 
bacteria strain of claim' : 7 . - 
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